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Abstract 

Supersymmetry might be broken, in the real world, by anomalies that affect com- 
posite operators, while leaving the action supersymmetric. New constraint equations 
that govern the composite operators and their anomalies are examined. It is shown 
that the supersymmetric standard model has special properties that allow simple and 
physically interesting solutions to the constraint equations. 
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If supersymmetry pQ is to be a viable theory of the 
real world, there must exist a mechanism whereby super- 
symmetry is broken in a compelling and calculable way. 
It is remarkable that when gauge symmetry is sponta- 
neously broken, in a supersymmetric theory, the vacuum 
energy remains zero Q]. Ideally, the mechanism of su- 
persymmetry breaking should maintain this feature. One 
possibility, which would keep this energy density zero, is 
that supersymmetry is broken by well-hidden supersym- 
metry anomalies in composite operators. 

The state of research on this topic was summarized in 
1991 in ,7\. Because of some recent developments to be 
presented here, the idea seems more promising now than 
it did in 1991. The most surprising thing is that the super- 
symmetric standard model seems to be very well chosen 
to admit simple and physically interesting solutions to the 
full cohomology of the Wess-Zumino model. This is the 
new result of this paper. 

In (see also |rj]-|13p. the full cohomology problem 
for the Wess Zumino model, including composite oper- 
ators, was analyzed using spectral sequences. The full 
nilpotent (5 2 — 0) operator is set out in the following 
table (for the massless case): 

Table I-A: Transformations S with S A = 

5A l = ^C" 

Stpi = d a0 A'C^ + C a G l 

STi = -ld aL d^A l+ g ljk G> k + d a pYfC P 

SG* = d a0 jj ia C $ 

F and Y are Zinn- Justin sources for the supersym- 
metry variations of the scalar field A and spinor field tjj, 
respectively. G is the composite auxiliary resulting from 
the integration of the auxiliary F. The index i is a general 
index so that the action contains all possible Wess-Zumino 
multiplets and all possible dimensionless interactions be- 
tween them. The 'auxiliary' G l is composite. Its form, 
and the first of its higher versions, are indicated in Table 
I-B. We will introduce a constant spinor source <f) a below. 



Table I-B 


Composite Auxiliaries 


<T = 


-{t jk A -A k +T P G^ 


G'i = 


A i G j + A^G 1 - ip ia tp J a 



The results of the cohomology analysis of [U] are sum- 
marized in Table II- A. That analysis tells us that for an 
arbitrary massless theory with superspace potential y, 
one should consider composite spinor expressions of the 



form 2 ^ and related composite scalar expressions of the 
form TL. Then one constructs an operator ds and its ad- 
joint d\ from the superspace (Yukawa) potential: 

Table II-A: Yukawa and Composite Expressions 
y = t vq A % A v A q _ _ 

U = ^ jM </>-CA p A q A j A k A t 
d 5 = {C a t pq A P A q }^ 

d\ — ijjg {Caff P9 ^4p^4i;} = IpagipqCgApAg 

Then we must impose the constraints in Table II-B: 

Table II-B: Constraint Equations for ^ and TL 
d 5 * = <j>-Cfl ,tl T vq A p A q A~A k A l = 
=> fWgPrt = 

4n = Q=> <j>-^s™ kl g lpq A~A k A l = 

± s pqjk 'g, Pq = o 

For each set of solutions (gij k , f p mn , s qrstu ) of these 
equations there exist composite operators in the coho- 
mology space of the theory of the following form: 

Table II-C 

Composite Operators and their Anomalies 

* - of = / d A x rn kl Wwii^a, 

+ (d a pA* + CaT^J AjA^f - ifit&wu} 
n -» A V = I <t> a C a s^ klm G 5 . tjklm 



Then the usual BRS analysis ;3| tells us that for each 
such with ghost charge zero, there are potential anoma- 
lies with ghost charge one, of the form Ar^. 

Our notation for the Superstandard Model is: 

Table III 



Superstandard Model, Left C Fields 



Field 


Y 


SU(3) 


SU(2) 


F 


B 


L 


D 




-1 


1 


2 


3 





1 


1 


QC Pl 


l 

3 


3 


2 


3 


l 

3 





1 


J 





1 


1 


1 








1 


Superstandard Model, Right 7Z Fields 


P p 


2 


1 


1 


3 





-1 


1 


R p 





1 


1 


3 





-1 


1 




4 
2^ 


3 


1 


3 


1 

3 





1 


m 


3 


3 


1 


3 


1 

3 





1 


H l 


-1 


1 


2 


1 








1 


K l 


1 


1 


2 


1 








1 



2 More generally * = /^.'.'.'/™0 o,I ''' aB ^ai • • ' ^\ A ii • ' ' A j: 
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Here is the superspace potential (Yukawa) for the Stan- 
dard Model: 

Table IV: Yukawa for Superstandard Model 

y ~ g li)h CTVTZ k + g"m 2 J 
y = g'eijH t K 3 J + g"m 2 J 
+Pp q e l] L pl H ] P q + r pq e 13 L pi K3R q 
+t pq e l:i Q cpi K : >T q + b pq e tJ Q cpi H j B q 

Note that each term in the Yukawa for the standard 
model has the form CTZTZ, except for the term m 2 J: Hence, 
for the massless standard model, we note that ds in Table 
II-A has the general form TZ Cty\ + CTZCip^. 

Now we shall solve the equations in Table II-B for 
some examples of ^ and TL in the massless standard 
model. These solutions will tell us where we can expect 
to find cohomologically significant composite spinors, and 
also whether those composite spinors can develop anoma- 
lies that break their supersymmetry. The pleasant sur- 
prise is that the simplest solutions are composite versions 
of observable particles. (In fact, the cohomology looks 
complex enough to encompass all observable particles). 
In Tables V-C and V-1Z, we write down some examples 
for possible 



Table V-C: * = ip c K" 


Name 


Composite Spinor 


Neutrino 


fLi,p<t>-4> l £Hi + fl 2 <f>-4>jR p 


Proton 


r } rh-il) %C3P3 1 f plP2 K -T 1 ' 1 T" 2 

t%\ b;\ i + <wj&""» b;\ t%\ t ;i } 


E++ 


e cic 2 c 3 \J4p 3 V YQ ll i- L p\- L P2 

+f 5T ^je p ^ p 3T P \T c p 2 2 T c p l} 



Table V-TZ: * = V"r£" 


Name 


Composite Spinor 


AntiNeutrino 


fL3,p<t>-i>R J + fl^-i'HLip 


AntiProton 

{ff*»*4>-il> 


p cic 2 C3 jkp. p. 

K °tjc 2 P2 K °'kc 3P3 



The constraint from ds is summarized in Table VT£ 
and VI-TZ for the two cases. The identity HiHj£ rj — 
simplifies the result: 



Table VI-£: d 5 ip c lZ n = TZ n+ " 


Name 


Constraint Equation: 


Neutrino 


H-K{f L1 , p r pq + f q L2 g'}R q =0 


Proton 

-t pq T c q 3 fl 


H.Ke clC2C3 {V v B?f?^T;\T;i 

nP2rp C l D C 2 , —1 fP\P2P'i D C 1 rp C 2 rp c 3 1 _ n 

,p p\ pi ' y J $ D pi ± P2 ± P3}— yj 


£++ 


H Kr i fPl p2 J P3q T C3 T Ci T C ' 2 
£1 ■I\bc 1 c 2 c 3 \ J4 P3 << J ? 1 P\ x P2 

+ g'fr,e p ^ P3 f c p 1 1 T; 2 2 T P l}=0 



For the VT£ case, there are plenty of solutions, which 
could be made more explicit with some straightforward 
tensor algebra. Now consider the VI-TZ case: 



Table VI-TZ: d 5 ip n C n = C^'TZ 
Name Constraint Equation 

AntiNeutrino f L 3, P r pq K-L q J + f p 4 (g'T^J 

+b rs ^Q ]cr B c s +p rs ^L jr P s ) L ip = 

AntiProton e c ™e m Q^ e>*Qi Q k 

{fl 1P2P3 (9'K m J + Y q Q mcp Bl + 
| p r3 L mr P 3 ) + f P2P H qpi K m J] = 

For the VI-TZ case, the equations are too restrictive to 
admit non-trivial solutions. Next we consider the 
constraint from d\. It is summarized in Tables VII- £ 
and VII-72. for the two cases. For the C case, we see that 
there are only solutions proportional to J J: 



Table VII-£: H = TZ n+ " + TZ" Cf and the effect of d\ 


Name 


Candidate Ti and Solution of dlji, = 


Neutrino 


HKR q s\ + JJR q s q 2 ; 
s\ = 0; s q 2 Free 


Proton 


F f^f" 2 !" 3 

& C1C2C3 PI P2 1J P 3 

{h plP2P3 H-K + h plP2P3 Jj} ■ 
h plP2P3 = 0; h plP2P3 Free 


S++ 


Cc l c 2 c 3 c Pi P2 P3 

{hzH-K + h 4 77} ;h 3 =0; h 4 Free 



On the other hand, for the TZ case in Table VII-7?., there 
are plenty of solutions, since the equations are not very 
restrictive: 
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Table Vll-TZ 


Table Vll-TZ: H = ~Z n+i TZ and the effect of d\ 


Name 


Candidate Ti. and Solution of dlji. = 


AntiNeutrino 


{sp<-L q J +_s^Q_ cp -L q B'; 

~\~S^ Lp-LqPr^ 

sW + s p 4 rq b pq + s^ q p vq = 0; alr rq = 


AntiProton 


" ^JC1P1^C2P2 ^ C 3P3 
{ h PlP2P3JK i + ft PlP2P3P4P5^ p5 7; ip4 

_l_l.PlP2P3P4.P5n R C \ 
~*~""T ^iep 4 n P5) 
UP1P2P3 J i I.P1P2P3P4P5 r 
n 5 il ' "6 'P4P5 

+& P4P5 (3/i P . 1P2P3P4P5 + 2/i plP2P4P3P5 

+/l P4P2P3PlP5) = Q. h PlP2P3 tpiq = 



In summary then, there are solutions of the constraint 
equations for composite fermions \& and for potential 
anomalies Ti. However, where there are composite 
fermions in profusion (the ^ « t/)£ case), there is a lack 
of potential anomalies to be generated 3 . And where 
there is a lack of composite fermions (the ^ fs ip-R. case), 
there are plenty of potential anomalies to be generated, 
except that there are no operators available to generate 
the anomalies. It follows that, although we have 
understood the d_ equations better by looking at the 
standard supersymmetric model, we do not expect to 
find any supersymmetry anomalies from this insight. At 
first sight, this looks like a disappointing result for the 
attempt to find supersymmetry breaking by this method. 
However, this analysis has been done for the massless 
and ungauged case only. When the mass is taken to be 
non-zero, the vacuum expectation values arise, and 
spontaneous breaking of SU(2) x U(l) takes place. 
Once we replace the mass, and then shift the fields 
K_\ — * mv + if 2, H i — > mv + Hi , to spontaneously break 
the gauge symmetry, the expressions for the composite 
fermions 0^ above in Table II-C will typically generate 
a term in m times the named physical particle. For 
example, for the neutrino one would expect: 

Neutrino p ps mv4>-ip v N + O (Two field terms) (1) 

And for the case of E ++ , one would expect: 

.charm 

(2) 

+ O (Four field terms) (3) 
This operator creates the spin one half charmed baryon: 

Ej+(2455) « (uuc) jP _ 1+ (4) 

J ~ 2 

3 It looks unlikely that the J J type anomalies will appear 
in perturbation theory, since they violate the symmetry of the 
Yukawa. 



and it is one of six possibilities: 

(uuc), (ucc), (uut), (utt), {tec), (ttc) 



(5) 



It follows from the analysis in Chapter 4 of that the 
rest of the supermultiplet that contains this £^ + (2455) 
can be constructed by letting the source (f> become 
spacetime dependent. One gets an antichiral spinor 
superfield multiplet (See |1] for some discussion) 
composed of a vector, two spinors and a scalar. If the 
mechanism of supersymmetry breaking by anomalies 
works, then the vector and the scalar need to be raised 
in mass by mixing with the anomaly, leaving the spinor 
field observable at low energies. 

For the ghost charge one sector for this E ++ case, one 
needs to extend Table VII-£ to the following: 



Hi 



b-Ce c 



STp c 17p c 2Tp c 3 \ 
\ PI P2 P3 / 



,h_e l ° HiKj + h^J + h$m + hsmj] 



(6) 



There are also non-gauge invariant terms to add here. 
The necessary complete analysis requires a major 
revision of the whole problem, including gauge fields and 
spontaneous gauge symmetry breaking etc. This changes 
things so much that the answer is not easy to derive 
without a lot of careful work which has not yet been 
done. 



Note that one needs three families in order that the 
expression: 

_ c piP2P3^r cl ^r C2 ^r C3 _/ n 

tc l c 2 c 3 t P\ P2 P3 I 



(7) 



not vanish. Hence it appears that there is no possibility 
of supersymmetry breaking for this multiplet unless 
there are at least three families. It is remarkable that 
the cohomology depends crucially on the left -right 
asymmetry of the theory, and on the direct product 
nature of the group SU(3) x SU(2) x U(l), which 
results in multiple indices that render the d_ and d\ 
equations simple to satisfy. It also appears to be 
advisable to add the right handed antineutrino multiplet 
R q (e.g. for the massive case of Table VII-£). 

Assuming that the addition of mass generates a term of 
the general form of the potential anomaly found in 
equation we note that (0 is a scalar made with one 
top quark or squark (mass 175 GEV), one charm quark 
or squark, and one up quark or squark. So that gives us 
a first notion of the magnitude of supersymmetry 
breaking-the supersymmetry anomaly mixes in at least 
one top squark or quark with its large mass of 180 GEV, 
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and supersymmetry breaking vanishes as the mass 
vanishes. Assuming that the mechanism works, one 
would expect that the cosmological constant remains 
zero after supersymmetry breaking, since the action 
itself remains supersymmetric. The supersymmetry 
breaking would occur only for the composite operators, 
which do not couple to gravity, and which do not affect 
the vacuum energy. 
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